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Processing of proteins and RNA in neurodegenerative diseases

Prion diseases such as Creutzfeldt-Jakob disease (CID) in humans and bovine spongiform encephalopathy
(BSE or ‘mad-cow’ disease) in cattle are invariably fatal neurodegenerative diseases. Prions differ from
conventional infectious agents in being highly resistant to treatments that destroy the nucleic acids found
in bacteria and viruses. The infectious prion is thought to be an abnormally folded isoform (PrP>) of a host
protein known as the prion protein (PrP). The conversion of PrP® to PrP> occurs post-translationally and
involves conformational change from a predominantly a-helical protein to one rich in B-sheet structure.

Alzheimer’s disease (AD) is the most common form of dementia in humans, of which the key pathological
hallmark is the deposition of the 39-46 amino acid beta-amyloid peptide (AB) in the brain. AP peptides are
derived from sequential cleavage of the amyloid precursor protein (APP) by B- and y-secretases.
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Projects:

All projects will involve the use of various molecular biology techniques
(eg, cloning, PCR, real time quantitative PCR, site-directed mutagenesis,
next generation sequencing), cell biology (cell culture,
immunofluorescent staining, live cell imaging, RNAI, transfection,
lentivirus production, isolation of primary neuronal cells, prion infection
assays), protein chemistry (recombinant protein expression and
purification, protein gels, western immunoblotting, biophysical
techniques), and general biochemical assays.

How do highly conserved regions of PrP control prion formation?

Much remains to be understood about how the normal cellular isoform of the prion protein undergoes
structural changes to become the disease associated form. We have developed several approaches to study
this aspect of prion biology using cellular, molecular and biophysical techniques. We have refined a model
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based around a highly conserved region of the prion protein (see publication 1 below). This project will use
a combination of structural and cell biological approaches to investigate the mechanism of prion inhibition
through this conserved region of the prion protein.

Molecular mechanisms of Abeta toxicity in Alzheimer’s disease - a role for the prion protein?

Recently it has been demonstrated that PrP can act as a receptor for AB oligomers which are implicated in
the pathogenesis of Alzheimer’s disease. AB is derived from a larger protein called the amyloid precursor
protein (APP). We have well established cell lines expressing different forms of APP which generate AB.
These will be used to investigate the interactions of different forms of AB with PrP using a combination of
biochemical and cell biological assays to determine the molecular mechanisms underlying this interaction.

Investigating the role of microRNA (miRNA) in neurodegenerative disorders such as Alzheimer’s and
Prion diseases (with Dr Shayne Bellingham)

This role of microRNA in regulating the expression of key genes and pathways will be a
investigated in both cell and animal models of neurodegenerative disease.
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Project 2. The prediction of microRNA target genes is based upon computational
analyses, the advent of next-generation sequencing technologies has allowed a new method called (CLIP)-
seq assays to determine the exact microRNA sequences that bind to target genes. This project will

determine the miRNA species that bind and regulate key genes involved in Alzheimer’s and prion diseases.

The role of the exosome pathway in processing of the prion and amyloid
precursor proteins

This project will investigate the mechanisms, currently unknown, of exosome
uptake by cells using modifiers of key cellular pathways and live cell imaging. This
project will also investigate the role of modifiers in exosome biogenesis by altering
their expression with RNAI, using a lentiviral delivery system in neuronal cells.

Targeting the AP peptide in Alzheimer’s Disease Using an Intracellular Antibody Supervisors: Dr Rebecca Nisbet
(rebecca.nisbet@csiro.au); A/Prof Andy Hill; Dr Stewart Nuttall (stewart.nuttall@csiro.au) Project Site: CSIRO Preventative Health
Flagship, 343 Royal Pde, Parkville.

The aim of this project is to target AB intracellularly prior to its aggregation. This will be done by
transfecting mammalian cells with an A specific antibody that contains an endosome targeting signal
peptide. Successful localisation of the intrabody and its ability to bind AB and prevent its aggregation will
initially be investigated, and intracellular AB levels measured to assess intrabody-mediated clearance of AB.
This project is ideally suited to a candidate with interests in cell biology, antibody engineering and
neurodegenerative diseases. Skills acquired will include diverse biochemistry and molecular biology
techniques such as DNA cloning, protein and antibody expression and purification, and immunofluorescent
microscopy.
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